Abstract. Nonnative species introductions are becoming more common, but long-term consequences of the novel pressures imposed by invaders on native species remain poorly known. The red imported fire ant, Solenopsis invicta, is an invasive species with potential global impact. Comparison of lizards across the invasive range within the United States reveals novel antipredator strategies and altered morphologies that mitigate potentially lethal attack by these ants, within 70 years of their introduction. The likelihood that adult lizards will behaviorally respond to fire ant attack increases with time since invasion, but hatchlings exhibit high levels of antipredator behavior irrespective of their site of origin. Adults and hatchlings from sites invaded longer ago also have relatively longer hind limbs. This trait increases the effectiveness of behavioral strategies for removing ants and is likely an adaptive response to minimize envenomation during attack. The observed changes are not correlated with habitat, exposure to fire ants, or latitude, arguing against phenotypic plasticity and learning as causal mechanisms, and museum specimens show that morphological differences were not evident prior to fire ant invasion. These data contribute to our growing awareness that ecological invasions can prompt adaptive responses, altering the nature of interactions between invaders and the natives they contact.
INTRODUCTION
Introductions of nonnative species are increasingly common as global connectivity accelerates through human movement. Since 1980, over 205 nonindigenous species have been introduced to the United States, 30% of which are expected to have serious consequences for both the environment and economy (U.S. Congress 1993) . These invaders can destroy natural habitats, outcompete, depredate, and poison native taxa, and ultimately cause declines of native species (Mooney and Cleland 2001) . Successful management of invaders relies, therefore, on understanding the long-term response by native species to the novel pressures imposed by invasive species (Stockwell et al. 2003) . Historically, research has been focused on the invaders themselves and how they respond to the novel environments they are introduced into or encounter as they spread (Ha¨nfling and Kollmann 2002) . More recently, we have begun to realize that native species are also capable of rapid adaptation. The directional selection imposed by invaders can lead to nonrandom changes in morphology, physiology, and behavior of native species over ''ecological'' timescales (Freeman and Byers 2006 , Strauss et al. 2006 . These changes increase the fitness of native taxa, allowing them to take advantage of novel resources provided by the invader or increasing their chances of surviving by avoiding predation or toxic prey. By contributing to our understanding of the scenarios that can lead to rapid adaptation, such studies make a valuable contribution to conservation planning and provide insight into how past interactions can shape contemporary communities (Connell 1980 , Stockwell et al. 2003 , Sax et al. 2007 .
Here I examine the adaptive response of a native lizard to invasion by the venomous fire ant, Solenopsis invicta. Originating from South America, this ant has invaded six countries including the United States, and is predicted eventually to colonize .50% of the terrestrial surface of the Earth (Morrison et al. 2004) . Fire ants are small (2-6 mm in length), but aggressive, and have a unique attack strategy that they use to defend their mound and obtain prey: tens to hundreds of ants swarm and simultaneously administer multiple stings, allowing them to overwhelm even very large animals (Barr et al. 1994 , Holtcamp et al. 1997 . The impact of fire ants on vertebrate populations is poorly understood, largely due to logistical difficulties and the lack of baseline or control data for comparison (Allen et al. 2004 , Tschinkel 2006 . In contrast, their effect on agriculture and public health is well known, with damages estimated in the billions of dollars annually within the United States alone (Morrison et al. 2004) . As a result, the spread of fire ants across the United States since their accidental introduction in the 1930s has been well documented, facilitating investigation of their long- (Porter and Tschinkel 1987 , Trauth et al. 2004 , Tschinkel 2006 ; see Plate 1). Fire ant mounds can occur at high densities (average inter-mound distance within the sites used in this study ¼ 12.37 m, 95% confidence interval, CI ¼ 10.11-14.64; Appendix A), and ants forage tens of meters from the mound (Markin et al. 1975) , suggesting encounters between these species may be frequent. Fire ants attack free-roaming fence lizards in nature (Appendix B), and envenomate them by lifting a scale with their mandibles and inserting their sting shaft into the underlying soft skin. The red imported fire ants' venom has a neuromuscular action (among a variety of others, reviewed in Tschinkel 2006) , and a lizard that fails to respond to such an attack will become paralyzed and die (Appendix C). To survive, a lizard must decrease the amount of venom it receives by reducing the number of attacking ants, and/or move away from the source of the attack to avoid recruitment of new ants. Strategies, such as these, that increase survival in the face of a novel predator should be selected for and be increasingly common within populations exposed to invaders for longer. Such examples of rapid adaptive responses of native species to invaders are becoming increasingly common (reviewed in Strauss et al. [2006] ). Here, I examine whether native fence lizards exhibit similarly adaptive responses to introduced fire ants across a gradient of time since fire ant invasion.
MATERIALS AND METHODS

Study sites
This study was conducted at four study sites across the southern United States, located near: (1 Callcott and Collins (1996) All sites have the same ecoregion classification (based on nine environmental characteristics; Hargrove and Hoffman 1999) . They are occupied by temperate mixed forest; however both lizards and fire ants are primarily found in open disturbed areas, or along forest edges (Stiles and Jones 1998, Trauth et al. 2004 ). Smaller-scale measurements of habitat variables that are known to be important in influencing lizard habitat use and morphology (canopy openness, perch-site diameter, and ground cover composition, Langkilde et al. 2003 , Kolbe and Losos 2005 , Downes and Hoefer 2007 showed no overall difference between sites (Appendix D). The habitat variables that do differ among sites (Site 4 has less vegetation cover than Site 2) do not follow a trend with time since invasion.
Study animals
Both adult and juvenile fence lizards, Sceloporus undulatus, were used in this study. Twenty male and 20 female adults were collected from each of the four study sites using a handheld noose. The following year, eggs were obtained from gravid females collected from two of the sites: the uninvaded site (Site 1, 16 females) and the one invaded longest ago (Site 4, 18 females). These were incubated in moist vermiculite until hatching (58.97 days, CI ¼ 58.94-58.99 days; 157 juveniles hatched from Site 1 and 128 juveniles from Site 4). All juveniles were housed under common conditions until testing: five individuals per enclosure (30 3 20 3 25 cm, length 3 width 3 depth), lined with paper toweling and furnished with a shelter, water bowl, and heat source.
Behavioral response to red imported fire ant attack
Fire ants pose a significant mortality threat to fence lizards (Appendix C). I assessed whether lizards behaviorally respond to reduce the consequences of attack by fire ants, and whether this response changes with time since invasion. Individuals were tethered with a 1 m length of cotton thread to a tent peg positioned 40 cm from the edge of an active fire ant mound and encouraged to run onto the mound by gently prodding them on the tail with a finger, using the cotton thread to guide them. Based on pilot data (Appendix C), lizards were exposed to below-lethal levels of fire ants (7.44 ants/adult lizard, 95% CI ¼ 6.88-8.01, and 2.04 ants/juvenile lizard, 95% CI ¼ 1.83-2.25). Trials were aborted at 60 seconds for adults, and 30 seconds for juveniles, if the lizard had not yet fled the mound. These ant densities are within the range of those observed during natural attacks on lizards (Appendix B). Fire ants readily emerge from a mound when disturbed, and the number of ants that were available for attack was controlled by disturbing the surface of the mound in a consistent fashion. Trials commenced when the first fire ant climbed onto the focal lizard, and any body twitches performed, whether the lizard fled beyond the boundary of the mound, and the average number of attacking ants were recorded. Temperature affects the foraging behavior of fire ants (Porter and Tschinkel 1987) , so the mound temperature was recorded at the start of each trial (using a Raytek MT4 infrared thermometer; Raytek Corporation, Santa Cruz, California, USA) and included as a covariate in analyses. To control for behavior in the absence of a stimulus, lizards were also tested on a bare soil patch of similar temperature and substrate to the mounds, and these data were included in analyses (Fig. 2 ). For adults, each lizard acted as its own control, with half of the lizards being tested on a mound first, and the other half being tested on a control substrate first. The behavioral response of juveniles was tested at between 5 and 23 days of age. Juveniles were assigned to one of two groups using a split-clutch design, and tested either on a fire ant mound or control substrate. Behavioral trials were conducted by myself and an assistant, each of whom conducted one-half of the trials for each test at each site. At least two separate mounds were used within each site. Adults were tested on mounds at the collection location except for those from Site 1, which were transported to Site 3 and tested on the same mounds as the lizards from this site. All hatchlings were tested at Site 4. Logistics and timing of trials prevented site-blind behavioral observations on adults, but this was possible and implemented for behavioral tests on hatchlings.
To determine whether behavior changed with time since fire ant invasion, data for both adult and juvenile fence lizards were analyzed using multinomial logistic regression with whether or not an individual responded (body-twitch and flee data were analyzed separately) as the dependent variable, site and lizard sex as factors, and the number of attacking ants, and mound temperature included as covariates. The response of lizards during control trials was included as a covariate for trials on adults, and the treatment (on an ant mound vs. control substrate) was included as a factor for analyses of juvenile responses. The mother's individual identification number (ID) was included as an additional covariate for analyses of juvenile behavior.
Effectiveness of body-twitch and flee behaviors
The behavior exhibited by fence lizards in response to attack by fire ants may function to reduce the risks of mortality if it can reduce a lizard's exposure to attacking ants. I assessed the proportion of attacking ants that were removed by body-twitch and flee behavior during the trials described previously (see Materials and methods: Behavioral response to red imported fire ant attack). For a subset of adults from Sites 3 and 4, I visually determined the number of ants on a lizard's body immediately before and after body-twitching, fleeing, or over a 1-s period at a random point during a trial (n ¼ 20 adult lizards in each category). Fire ants were easily visible on these lizards, and could be tracked as they moved on and off an individual. Fire ants generally attack the dorsal surface of lizards (possibly because dorsal scales are larger and their edges protrude further from the body surface than ventral scales do, making them easier to grasp), but lizards were visually inspected at the completion of the trials for any ants attached to their ventral surface. To determine how effective this behavior is at removing attacking ants, these data were analyzed using ANCOVA with change in the number of ants attacking a lizard from before to after a behavior (;1 s) as the dependent variable, behavior (body-twitch, flee, or no response) and lizard sex as factors, and snout-vent length (SVL), hind limb length, and number of ants on the lizard at the start of each observation (before body-twitching or fleeing, or at the beginning of the 1-s control period) included as covariates.
Relative hind limb length
Hind limb length is correlated with sprint performance in fence lizards (Miles 1994) . To determine whether this trait also plays an important role in surviving attack by fire ants, I assessed: (1) whether relative hind limb length can influence the effectiveness of behavior for removing attacking ants, (2) how it changes with time since fire ant invasion, (3) the heritability of this trait, and (4) its relationship with latitude. SVL and hind limb length were measured to the nearest 0.5 mm with a ruler upon capture of adult lizards and within 24 hours of juveniles hatching (Appendix E). Logistics prevented me making site-blind morphological measurements on adults, but this was possible with hatchlings as an assistant (K. Boronow) recorded clutch information from the identifying tag on the egg container (site of origin and mother's ID) and gave me the hatchlings to measure.
Importance for removing ants.-I determined whether increased relative hind limb length enhances the effectiveness of body-twitch and flee behavior for removing attacking fire ants using ANCOVA with the change in the number of ants from before to after a behavior as the dependent variable, behavior (bodytwitch vs. flee) and lizard sex as factors, and relative hind limb length (residuals of ln(hind limb length) on ln(SVL)) and the number of ants on the lizard at the start of each observation as covariates.
Changes across time since invasion.-To determine whether relative hind limb length changes with time since fire ant invasion, data were analyzed using ANCOVA with hind limb length as the dependent variable, site and lizard sex as factors, and SVL as a covariate. Mother's ID was included as an additional covariate for analyses involving juveniles.
Heritability.-The heritability of a trait gives an indication of how ''well'' a trait is able to respond to selection by providing an estimate of the proportion of the variation of a trait that is directly heritable. Heritability of relative hind limb length was estimated using offspring-mother regression (Falconer and Mackay 1996) for 37 mothers and their offspring (using average values for clutches; mean ¼ 7.7 offspring/clutch, 95% CI ¼ 7.67-7.73). Relative hind limb length was calculated using residuals of ln(hind limb length) on ln(snout-vent length). Heritability estimates were obtained by doubling the slope of the regression, as single parent-offspring regression estimates only one-half of the total heritability (Falconer and Mackay 1996) .
Relationship with latitude.-Limb length is predicted to change with latitude for thermal reasons, decreasing at higher latitudes to aid heat conservation by decreasing the surface area to volume ratio (Allen 1877). To determine whether this pattern is true for fence lizards, and thus may be responsible for any changes observed across my study sites, I obtained morphological measurements of 264 preserved specimens of S. undulatus from the American Museum of Natural History collected from 19 states across their range, between Florida and New York, before they were invaded by fire ants. I measured the length of the upper hind limb, lower hind limb, and hind foot using calipers, following the methods of Christian and Garland (1996) . Total hind limb length was obtained by summing the limb segment lengths. This method provides the most accurate measure of hind limb length for fixed specimens whose limbs can not be manipulated or extended. SVL was measured using a transparent ruler, as for live individuals (Appendix E). The relationship between relative hind limb length and latitude was tested using linear regression, with hind limb length as the dependent variable, and latitude and SVL as independent variables.
Statistical analysis
Data on the number of attacking ants were squareroot transformed to fit the assumptions of parametric tests, and hind limb and snout-vent lengths were ln(x þ 1)-transformed for morphometric analyses to ensure independent error variances. Wherever possible, relative hind limb length was analyzed by including body size (SVL) as a covariate. In the two cases where this was not possible (tests of the importance of hind limb length for removing attacking ants, and its heritability), residuals from a regression of ln(hind limb length) on ln(SVL) were used as a measure of relative hind limb length. This is acceptable as both are measures of length and there is no relationship between these residuals and lizard size (SVL) (adults, r , 0.001, n ¼ 37, P . 0.99; juveniles (clutch averages), r , 0.001, n ¼ 37, P . 0.99). In addition, the allometric relationship between the two variables is concordant across populations used in these studies (site 3 ln(SVL), adults, F 2,89 ¼ 1.56, P ¼ 0.22; juveniles (clutch averages), F 1,33 ¼ 0.32, P ¼ 0.58). All statistical analyses are two-tailed, with alpha levels set at 0.05, and were performed in SPSS version 15 (SPSS 2006) . To facilitate comparison with other studies, rates of behavioral and morphological change are given in darwins and haldanes Kinnison 1999, Phillips and Shine 2005) . These values are obtained from metric data with change measured over 38 generations. Darwins are reported as the rate of change per million years.
RESULTS
Behavioral response to red imported fire ant attack
Adult fence lizards were rapidly attacked when they moved onto the fire ant mounds (within an average of 4.79 s, 95% CI ¼ 4.74-4.85). During these encounters some lizards employed vigorous body-twitches and fled from the mound (see Appendix F), while others remained immobile on the mound for the duration of the trial, often closing their eyes. The proportion of lizards that responded to fire ant attack increased across sites with increasing time since invasion (body-twitch: Fig. 2a, b) . This rate of change is equivalent to d p ¼ 4880, h p ¼ 0.0187 for the body-twitch behavior, and d p ¼ 3954, h p ¼ 0.0149 for the flee behavior.
The behavioral response of juveniles to fire ant attack did not differ depending on the site of their mother's capture. Over 70% of juveniles hatched from eggs obtained from both the uninvaded site and the site invaded longest ago responded to fire ant attack by body-twitching and fleeing (body-twitch: site Fig. 2d, e) .
Effectiveness of body-twitch and flee behaviors
Both body-twitch and flee behavior removed large numbers of attacking ants, reducing the number of attacking ants by 63% (95% CI ¼ 63.02-125.82) and 62% (95% CI ¼ 62.10-123.85), respectively, with each behavior. In contrast, the number of ants increased by (þ) 44% (95% CI ¼ 42.51-86.61) over the same time period if a lizard did not respond (response type F 2,51 ¼ 47.36, P , 0.0001; lizard sex F 1,51 ¼ 4.459, P ¼ 0.04, females remove more ants than males). Fleeing the mound has the added benefit of removing a lizard from the source of attack, as fire ant densities are typically 10 times greater on a mound than just outside of its boundary (on mound, 10 ants, 95% CI ¼ 9.84-10.16; off mound, 0.8 ants, 95% CI ¼ 0.78-0.82; t ¼À3.80, df ¼ 9, P ¼ 0.004; see Appendix A for methods).
Relative hind limb length
The effectiveness of the body-twitch and flee behavior at removing attacking fire ants is correlated with the relative hind limb length of the lizard performing the behavior: individuals with longer hind limbs remove more ants (change in number of ants: relative hind limb length F 1,34 ¼ 5.99, P ¼ 0.02; behavior [body-twitch vs. flee] F 1,34 ¼ 7.32, P ¼ 0.01; lizard sex F 1,34 ¼ 2.22, P ¼ 0.15, the flee response removed more ants than the bodytwitch behavior; Fig. 3 ). The hind limbs of adults and juveniles from the site invaded 68 years ago are 3.4% and 6.5% longer, respectively, than those of lizards from the uninvaded site, when corrected for body length.
The average relative hind limb length of juvenile S. undulatus is positively correlated with that of their mother, but this relationship does not achieve statistical significance (F 1,36 ¼ 2.23, P ¼ 0.15; slope ¼ 0.22; power ¼ 32%; r 2 ¼ 0.06, Fig. 4 ). Heritability estimates of this trait are relatively high, h 2 ¼ 0.43 6 0.19, but are likely inflated by variance associated with maternal environment, dominance, and epistasis (Falconer and Mackay 1996) .
Morphological data from museum specimens of adult S. undulatus collected from across their range prior to fire ants invasion show a significant positive correlation between latitude and relative hind limb length, with lizards from higher latitudes (further north) having relatively longer hind limbs (r ¼ 0.20, df ¼ 264, P ¼ 0.001, Fig. 5 ).
DISCUSSION
The results of this research support the prediction that novel predation pressure, such as that imposed by invasive fire ants, should induce adaptive changes in the antipredator strategies of native species. Fire ants can quickly overwhelm and kill a fence lizard (Appendix C). Lizards can respond to fire ant attack by employing two defensive behaviors, usually within the same encounter: body-twitching upon initial attack and then rapidly fleeing from the mound and source of attack (Appendix F). While the encounters used in this study were staged, natural encounters between fence lizards and fire ants elicit the same body-twitch and flee response (Appendix B). Native fence lizards exhibit clinal trends in this behavior, and in relative limb length, which are consistent with adaptive responses to invasive fire ants. Lizards that have been exposed to fire ants for longer are more likely to exhibit defensive behavior and have relatively longer hind limbs, which facilitate the removal of attacking ants (Figs. 2 and 3) . The rapidity of this response (,70 years) is consistent with rates of adaptive shifts in behavior and morphology exhibited by other native taxa in response to invaders. Within this same time period (and over ;20 generations) native snakes have acquired an ability to behaviorally avoid introduced toxic prey (cane toads), and exhibit a reduction in their relative head size, which limits them to ingesting toads that are too small to be lethal Shine 2004, 2006) . Native soapberry bugs evolved modified mouth parts, which enable them to feed on invasive balloon vines within 40 years (;100 generations; Carroll et al. 2005) , and the blue mussel evolved the ability to detect and respond to invasive predatory crabs within 15 years of their introduction (;15 generations; Fell and Balsamo 1985, Freeman and Byers 2006) . The relatively short generation time of fence lizards (;1.8 years; Parker 1994) permits almost 40 generations to have elapsed since lizards from Site 4 first encountered fire ants, suggesting they have had sufficient time to adapt.
There may be several mechanisms driving the observed changes in behavior and morphology of fence lizards in response to invasive fire ants. Morphology can plastically respond to physical characteristics of the environment; for example, hind limb length is affected by substrate diameter and vegetation cover in other lizards (Kolbe and Losos 2005, Downes and Hoefer 2007) . However, the sites used in this study were selected to minimize the impact of these environmental variables, and the morphological differences documented in this study do not correspond with differences in these characteristics across sites (Fig. 2, Appendix D) . Furthermore, juveniles from the two sites that differ most in terms of fire ant invasion (uninvaded and invaded 68 years ago) expressed differences in relative hind limb length at birth consistent with those observed in adults from these sites, despite having no exposure to these environments (Fig. 2c, f ) . One potentially important environmental factor that I could not control for is latitude. Because of the nature of fire ant spread, and the limitations imposed by matching the sites for environment, the transect used in this study runs northwest to southeast, encompassing a latitudinal range of 3834 0 and 240 miles (Fig. 1) . Theory predicts the pattern of increasing relative hind limb length with decreasing latitude found in this study for thermal reasons (Allen 1877) ; however, museum specimens show that, prior to fire ant invasion, S. undulatus actually show the opposite trend, having relatively longer legs at higher latitudes. These data suggest that environmental factors such as habitat and temperature are not responsible for the differences documented in this study following fire ant invasion.
Hind limb length has been shown to rapidly evolve in other species (Losos et al. 2006 , indicating that this trait may be particularly susceptible to the selective processes. Hind limb length is heritable in other lizards (Tsuji et al. 1989, Kolbe and Losos 2005) and appears to have a heritable component in fence lizards (h 2 ¼ 0.43 6 0.19), suggesting that it should respond to selection. However, this result must be interpreted with caution as the relationship between the limb length of mothers and their offspring in this study was not statistically significant, and actual heritability (in this case) is likely overestimated due to maternal effects as well as variation associated with dominance and epistasis (Falconer and Mackay 1996) .
One likely mechanism for the observed differences in relative hind limb length is selection to minimize the amount of venom lizards receive. Longer hind limbs increase the effectiveness of the body-twitch and flee behaviors for dislodging attacking fire ants (Fig. 3) , allowing less time for envenomation to occur. As well as FIG. 5 . Changes in relative hind limb length (shown as hind limb length/SVL) of eastern fence lizards with latitude. Each point represents a single museum specimen of S. undulatus, collected before fire ants first invaded the respective counties. The box encloses specimens collected across the latitudinal range of sites used in this field study. Note that, due to the different techniques required to measure the hind limb lengths of preserved and live specimens, the relative hind limb lengths reported for the museum specimens are longer than those of the live lizards from the field study, but measurements are consistent within these groups.
reducing the risks of being killed, a lower venom dose will also minimize sublethal consequences of envenomation, such as reduced growth rates (Giuliano et al. 1996 , Allen et al. 1997 , Krahe 2005 . While the mechanism was not specifically tested, longer hind limbs may enhance a lizard's ability to dislodge attacking ants by affording increased leverage and greater acceleration at take-off (Miles 1994) . When not actually stinging, fire ants roam a fence lizard's body in search of an appropriate attachment point and may be easily shaken off by body-twitch and flee behavior.
The ontogeny of antipredator behavior differed across the fire ant invasion gradient. Hatchlings raised in the absence of fire ants exhibited a high level of response to fire ant attack, regardless of their source population. This behavioral response was exhibited by the majority of adults from long-ago invaded sites, but by less than one-half of the adults from the uninvaded site (Fig. 2) . This unexpected result requires further investigation, but a likely hypothesis is that, rather than being acquired through lifetime exposure (learned), fire ants are imposing selection on lizards to retain this behavioral response through ontogeny. Many species exhibit ontogenetic shifts in behavior as the costs and benefits of different strategies change (Lind and Welsh 1994 , Whitehead et al. 2002 , Graham et al. 2007 ). Nonstinging and weakly venomous ants pose a predation threat to small soft-scaled juveniles but not adults, and lizards that behaviorally respond to fire ants also do so to nonvenomous native ants (Vitt 2000 ; Appendix G). Although body-twitch behavior can enhance survival by removing attacking ants, it may simultaneously increase detection by visual predators, and selection should act against adults retaining this behavior unnecessarily (i.e., in the absence of fire ant). Therefore, the retention of responsiveness to ants in lizards from fire ant-invaded sites may be driven by the susceptibility of lizards of all ages to ant predators at invaded sites. Examining the ontogeny of responsiveness of lizards from different populations that are maintained under different regimes of fire ant exposure would provide valuable information regarding the mechanism behind the behavioral change.
Differences between the three invaded sites could be due to differences in (1) an individual lizard's lifetime exposure, (2) the aggression or attack strategy of ants at the different sites, or (3) the historical exposure of lizards from these sites to fire ants (invasion time). Lizards from all invaded populations have been exposed to fire ants for their entire lifetimes over several generations (Parker 1994) , suggesting that lifetime exposure is not important in producing the observed differences. The social form of fire ant in an area can affect its impact on native taxa; the polygynous form occurs at higher densities but is less aggressive than the monogynous form Savignano 1990, Macom and Porter 1996) . However, the density of mounds at these sites (maximum of 179 mounds/ha, based on intermound distances) are much lower those achieved by polygynous colonies (300-1000 mounds/ha; see Porter and Savignano 1990) , suggesting that the monogynous form dominates all sites. Also, fire ant density within sites does not correlate with differences in behavior (Fig.  2a, b and Appendix A). The source of fire ant mounds used for testing does not appear to play an important role in determining the behavioral response of lizards. Lizards from Site 1 and Site 3 were tested on the same mounds and exhibit differences in body-twitch behavior (Bonferroni-corrected P , 0.05), but not in flee behavior (P . 0.05) (Fig. 2) . The following year, lizards from Site 1 and Site 4 were tested on the same mounds at Site 4, and exhibited the inverse pattern, with lizards from these sites differing in flee behavior but not body-twitch behavior (Appendix H: Fig. H1a, b) . In all cases, differences were in the direction found for the full data set (Fig. 2a, b) . These results suggest that lizards may vary their defensive strategy between years, but that the behavioral results of this study are unlikely due to differences in ant behavior between sites.
Together, these results suggest that the observed patterns are not caused by phenotypic plasticity, learned behavior, or differences in habitat or fire ant characteristics between sites. Instead, invasive fire ants appear to be imposing novel selection on healthy, mobile lizards. The results of this study refute the widely held belief that healthy adult animals are immune to the impact of fire ants due to their ability to move away from attacking fire ants (Tschinkel 2006) , as over one-half of the adults from the uninvaded site failed to respond to attack, and would likely have been killed without my intervention (Appendix C). Such differential mortality should result in selection for effective defensive strategies throughout ontogeny. Fence lizards show this trend, with lizards from sites invaded longer ago being more likely to respond to fire ant attack, and having longer hind limbs, which reduce the number of attacking ants, and thus the venom dosage received. These data contribute to growing evidence that, like invaders, native species can rapidly adapt to novel selective pressures. The continued spread of fire ants into previously unoccupied areas (such as Site 1 from this study) may provide an opportunity to test for this selection in action by tracking the behavior and morphology of lizards within contemporary communities as they become invaded, providing unique insight into the mechanisms behind these changes. 
